1. Introduction
===============

The pediatric cervical injury is extremely rare, and the incidence is only 1% of total pediatric injuries.^\[[@R1],[@R2]\]^ Patients with spinal injuries are usually classified according to the age.^\[[@R3],[@R4]\]^ The upper cervical injuries commonly occur in children \<8 years. Children possess the typical features of the spine in adults at the age of 8 to 10 years. The lower cervical injuries often occur in children with a relatively older age and mature spine, usually caused by high-energy damage and found in the cervical vertebrae C5--C7.^\[[@R5],[@R6]\]^ The blunt damage is the common cause, and 50% of pediatric cervical spine injury is caused by the motor vehicle accidents, or while walking (11%--16%), or riding bicycles (5%).^\[[@R5],[@R7]--[@R11]\]^ In addition, children of a younger age are more likely to have nerve damage, subluxation, or complete dislocation than fractures.^\[[@R3],[@R4],[@R12],[@R13]\]^ The treatment is extremely challenging due to the lack of unified guidelines for diagnosis and treatment of pediatric cervical injury. No report is available to date regarding the treatment of old subaxial cervical dislocation with bilateral locked facets in young children.

2. Case
=======

A 3-year-old girl was injured to coma by a high-speed car when crossing the highway with her grandmother. She was transferred to the nearest hospital immediately and diagnosed with splenic rupture, intracranial hemorrhage, bilateral rib fractures, subaxial cervical dislocation (Fig. [1](#F1){ref-type="fig"}A and B), and Monteggia fracture of the left upper limb. Emergency splenectomy was conducted before returning to the intensive care unit, and a tracheotomy was conducted later. The patient was in a coma and transferred to the pediatric intensive care unit of Shengjing Hospital of China Medical University 15 days after injury with assisted ventilation. The Glasgow score was 6. Forty-five days later, the patient stabilized with a Glasgow score of 13 with symptomatic treatment. The specialized physical examination results are shown in Table [1](#T1){ref-type="table"}. Computed tomography (CT) and magnetic resonance imaging (MRI) indicated dislocation of C6 and C7 with bilateral locked facets (Fig. [2](#F2){ref-type="fig"}) and spinal cord transection (Fig. [1](#F1){ref-type="fig"}C). After a comprehensive evaluation, the anterior C6/7 discectomy for soft tissue release, posterior C5--T1 pedicle screw fixation, and reduction were performed for the patient.

![Dislocation of C6 and C7 was revealed by DR (A and B) (indicated by yellow arrow), and spinal transection was revealed by MRI (C) (indicated by red arrow). DR = digital radiography, MRI = magnetic resonance imaging.](medi-97-e0553-g001){#F1}

###### 

Specialized examination^∗^.

![](medi-97-e0553-g002)

![Bilateral locked facets and dislocation revealed by 3D CT. CT = computed tomography.](medi-97-e0553-g003){#F2}

The patient was placed in a supine position under general anesthesia with the head slightly extended backward about 20° using the pads stacked under the shoulder. The reduction was tried manually but with no improvement. The incision was made about 4 cm along the inner edge of sternocleidomastoid muscle to avoid the influence of tracheal intubation on the surgical operation. It was found that the vertebrae C6 and C7 were completely dislocated for nearly 0.5 cm, with vertebral fascial hyperplasia and scar/fibrous tissue formation, which were resected; the damaged intervertebral disk of C6 and C7 was removed too. However, the anterior reduction was limited by the posterior locked facets and fibrous connection. The anterior incision was closed, and the patient was replaced in the prone position. The posterior median cervical incision was made. Bilateral articular dislocation with scar/fibrous tissue hyperplasia was observed, which was removed. Eight pedicle screws with a diameter of 3.5 mm were implanted into C5--T1. Meanwhile, the partial superior articular processes of C7 were resected. The fibrous connections around the fracture were released, the joint dislocation was reduced, and the bilateral screws were connected with a connecting rod to stabilize the cervical spine. The lamina of C6 and C7 were completely resected, and the posterior dura mater was intact without cerebrospinal fluid leakage, suggesting thorough decompression of the spinal cord. The operation time was 195 minutes, and the intraoperative bleeding amount was around 50 mL.

The postoperative cervical digital radiography (DR) (Fig. [3](#F3){ref-type="fig"}) and CT indicated that the sequence of cervical vertebrae was recovered well (Fig. [4](#F4){ref-type="fig"}B) and the screw was accurately implanted into the vertebral pedicle (Fig. [5](#F5){ref-type="fig"}). The girl was discharged 2 weeks after the operation. The function of the bilateral upper limb was obviously recovered at the 2-year follow-up (Fig. [6](#F6){ref-type="fig"} and Table [1](#T1){ref-type="table"}). However, both lower limbs and urinary/defecation function were not recovered, and no other complication was found. DR and CT revealed that the morphology of the spine was good, the positions of screws were intact, and no retardation of the growth of spine occurred (Fig. [7](#F7){ref-type="fig"}).

![Cervical spine sequence restored to normal as revealed by postoperative DR. DR = digital radiography.](medi-97-e0553-g004){#F3}

![Cervical spine sequence and curvature change in screws before the operation (A), after the operation (B), and 2 years after the operation (C).](medi-97-e0553-g005){#F4}

![Positions of 8 pedicle screws were accurate.](medi-97-e0553-g006){#F5}

![Bilateral upper limb nerve function was obviously recovered 2 years after the operation; the patient was able to have dinner and write by herself.](medi-97-e0553-g007){#F6}

![No obvious retardation of the vertebral body and spinal canal development occurred 2 years after the operation.](medi-97-e0553-g008){#F7}

3. Discussion
=============

The lower cervical injury (C3--C7) is rarely found in toddlers and young children. The lower cervical injury in young children is only 22% to 31% of total cases of pediatric lower cervical injury. The younger the age, the more likely are the complications with craniocerebral trauma.^\[[@R5]\]^ The mortality ranged between 4% and 27%, mainly caused by the severe trauma to the head and brain.^\[[@R7],[@R14],[@R15]\]^ Fracture and dislocation of the articular process were the second most common types of injuries in children with lower cervical fractures (compression fractures were the most common). Unilateral dislocations tended to damage the nerve roots, while bilateral dislocations affected the spinal cord. Fractures and dislocations of the bilateral facet joints were often considered as unstable; therefore, the reduction and fixation were usually required.^\[[@R16]\]^ Children have been found to adapt to spinal cord injury better than adults. Anderson et al^\[[@R17]\]^ followed up 161 children who had a spinal injury during childhood and found that 64% children could live independently and 50% of them were satisfied with the life quality. The operation could help patients, who had a spinal fracture with spinal cord injury, to use a wheelchair 5.2 weeks in advance.

In the present study, the girl was injured and the dislocation of cervical vertebrae was hardly reduced after 60 days because of the fibrous connection formed around the dislocated joint. The manual reduction was not an option anymore, and the anterior or posterior surgical approach alone was not able to achieve the reduction as well. Therefore, the operation with anterior and posterior approaches in combination was mandatory. However, the internal fixation mode selection was another dilemma. The growth of spine was not appropriate to use an anterior cervical titanium plate and screws. Moreover, the girl had the tracheal incision casing. The anterior approach might increase the risk of infection and other complications. Thus, the anterior approach was not the most optimal option.

Posterior laminar screw fixation, lateral mass fixation, and pedicle screw fixation are among the common methods of operative fixation of the subaxial cervical spine. Although laminar screw fixation is now rarely used, both lateral mass fixation and pedicle screw fixation are technically challenging and present the risk of significant complications if performed incorrectly. Pedicle screw systems are the gold standard posterior stabilization systems because of their 3-column fixation and superior biomechanics. Though infrequently used, the cervical pedicle screws have advantages such as reducing the extent of fixation and fusion, superior biomechanics, enhanced fusion rate, and obviating the need for external immobilization.^\[[@R18]\]^

The pediatric anatomical morphology of the cervical spine for children \<10 years old was shown by Kwak et al^\[[@R19]\]^ through CT scanning to evaluate the anatomical feasibility of inserting 3.5-mm screws into the cervical spine in the pediatric population and establish useful guidelines for their placement. They believed that pedicle screw placement was preferable to translaminar screw placement in the subaxial spine, except at C7.

A total of 376 normal pediatric cervical spine pedicles of 30 children (mean age = 6.7 ± 3.9 years) were analyzed by Kanna et al^\[[@R20]\]^ to study the normal cervical pedicle morphometrics, the changes in pedicle morphology with skeletal growth, and the possibility of pedicle screw insertion. In their opinion, a majority of C3 pedicles were thin, rendering screw fixation unsafe. However, at all other levels, the pedicle morphometrics per se were adequate and did not restrict the safe application of 3-mm cervical pedicle screws.

In summary, the cervical pedicle screw implantation in children was feasible, and the pedicle morphometrics should be individually analyzed for the safety of screw insertion.

The accurate measurement was carried out with preoperative CT examination (Fig. [8](#F8){ref-type="fig"} and Table [2](#T2){ref-type="table"}). Meanwhile, combined with a previous skillful pedicle screw implantation technique, 8 pedicle screws with a diameter of 3.5 mm were accurately implanted into C5--T1 of the girl.

![Measurement of bilateral pedicle diameter of C5--T1 before the operation.](medi-97-e0553-g009){#F8}
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Diameter of the C5--T1 pedicles (mm).
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The function of the bilateral upper limb was obviously recovered during the follow-up examination 2 years after the operation (Table [1](#T1){ref-type="table"}); however, both function of lower limbs and urinary/defecation function were not recovered. The screws were accurately implanted as planned, and the sequence of cervical vertebrae was recovered well. Although the anterior or posterior fusion surgeries were not performed, C5--T1 articular fusion was revealed by 3D CT reconstruction 2 years after the operation (Fig. [9](#F9){ref-type="fig"}) and no retardation of the vertebral body and spinal canal development occurred. The effect of the posterior pedicle screw on the lower cervical development needs further long-term follow-up observation.

![Although the anterior or posterior fusion surgeries were not performed, C5--T1 articular fusion was revealed 2 years after the operation (indicated by yellow arrow oval).](medi-97-e0553-g011){#F9}

4. Conclusions
==============

Old subaxial cervical dislocations with bilateral locked facets in children are a big challenge for spine surgeons. The analysis and therapeutic strategy should be individualized for each patient to select the most optimal option. The posterior pedicle screw fixation could stabilize 3-column fixation of the spine to enhance the stability. Meanwhile, the risk and complications associated with the anterior approach could be minimized. Therefore, a combined operation with anterior discectomy, posterior laminectomy, and pedicle screw fixation was suggested to be a feasible surgical option for treating pediatric old lower cervical dislocation with bilateral locked facets.
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